B^t Available Copy 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 0 713 215 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

22.05.1996 Bulletin 1996/21 

(21) Applicatbn number: 95308192.4 

(22) Date of filing: 15.11.1995 



(51) mtci 6; G11B 7/125, G11B 7/00 



(84) Designated Contracting States: 


(72) Inventor: Miyashita, Akira, c/o Canon K.K. 


DE FR GB IT NL 


Ohta-ku, Tokyo (JP) 


(30) Priority: 16.11.1994 JP 281926/94 


(74) Representative: 


Beresford, Keith Denis Lewis et al 


(71) Applicant: CANON KABUSHIKI KAISHA 


BERESFORD & Co. 


Tokyo (JP) 


2-5 Warwick Court 




High Holborn 




London WC1 R 5DJ (GB) 



(54) Optical information recording and/or reproducing apparatus and method with auto power 
control function for two light sources 

(57) An optical information recording and/or repro- 
ducing apparatus is arranged to radiate a leading light 
beam from a first light source and a trailing light beam 
from a second light source to follow up the leading beam 
onto an information track in a recording medium and to 
perform recording of information with the leading beam 
and verification with the trailing beam. The apparatus 
includes a common photosensor for detecting parts of 
light quantities of the light beams from the first and sec- 
ond light sources, a device for intermittently turning off 
the light beam not used for reproduction of preformat 
portions out of the leading beam and trailing beam, with 
respect to the preformat portions, and a light output con- 
troller for controlling the leading beam from the first light 
source and the trailing beam Irom the second light 
source at respective predetermined light outputs, based 
on the light quantities detected by the photosensor and 
reference values preliminarily set, when one of the lead- 
ing beam and trailing beam is off and when the both of 
the leading beam and trailing beam are on. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to optical information 
recording and/or reproducing apparatus and method for 
performing recording of information and verification ap- 
proximately at the same time as recording, using two 
light sources, and more particularly to control of light out- 
puts from the two light sources (APC; Auto Power Con- 
trol). 

Related Background Art 

Conventionally applied in order to increase the 
speed of sequential information recording operation is 
so-called direct verification, in which a verifying laser 
beam follows up just after a recording laser beam and 
recording information is immediately reproduced from 
reflected light of the verifying laser beam whereby veri- 
fication is carried out approximately at the same time as 
recording. One of methods for producing such recording 
laser beam and verifying laser beam is a method for 
splitting a laser beam from a laser diode into a recording 
laser beam and a verifying laser beam by grating. With 
this method, it is, however, very difficult to separately 
control powers of the two laser beams and, because of 
low optical efficiency, the laser output is insufficient for 
satisfactory recording. Thus, not only for the optical 
modulation recording method, but also for the magnetic 
modulation recording method, a generally employed 
method is a double laser diode method in which sepa- 
rate laser diodes are provided for recording and for ver- 
ification to obtain a recording laser beam and a verifying 
laser beam. 

Incidentally, direct verification with the double laser 
diode method requires a laser power automatic control 
method (hereinafter referred to as APC) for controlling 
powers (light outputs) of the respective laser diodes. An 
example of such APC is an extension of the convention- 
al single laser APC technique, which is a method for us- 
ing two photosensors for individually receiving parts of 
light emitted from the respective laser diodes and effect- 
ing APC separately on the respective laser diodes, us- 
ing outputs from the two photosensors. Another known 
method is ar ranged to allow mutual optical crosstalk be- 
tween the photosensors, to perform calculation for can- 
celing the crosstalk, using outputs from the respective 
photosensors, so as to obtain signals corresponding to 
the laser powers emitted from the respective laser di- 
odes, and to effect APC based thereon. 

Further proposed as a method for simplifying the 
optical construction is a method for using one photosen- 
sor in time division, which is a method for alternately 
lighting the lasers at timing of absence of information, 
sampling signals corresponding to the respective laser 
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powers, and then effecting APC based thereon. Further 
proposed in order to improve the accuracy of this meth- 
od are a method for continuously obtaining signals cor- 
responding to the individual laser powers to effect APC 
5 based thereon in the bulletin of Japanese Laid-open 
Patent Application No. 3-203821 and a method for per- 
forming sampling in a state close to actual operation to 
effect APC based thereon in the bulletin of Japanese 
Laid-open Patent Application No. 4-159623. 

10 However, the method using one photosensor in time 
division can simplify the optical construction as com- 
pared with the cases using two independent photosen- 
sors, but, because the signals corresponding to the re- 
spective laser powers (hereinafter referred to as laser 

*s power monitor signals) must be obtained within a short 
time in the region of absence of information, a high- 
speed arrangement is required for a laser power monitor 
system consisting of the photosensor and an amplifier. 
For example, supposing while reproduction of preformat 

20 portion and recording of information is performed with a 
leading laser beam, direct verification is performed with 
a trailing laser beam, a duration in which a laser power 
monitor signal of the trailing beam can be obtained after 
turning the leading beam off is limited to only a time pe- 

25 riod of some micro seconds, for example a tost period 
provided in the preformat portion or a gap portion 
present before or after a data region. Thus, the high- 
speed arrangement is necessary for the laser power 
monitor system in order to obtain a laser power monitor 

30 signal within this short time. The high-speed arrange- 
ment of the laser power monitor system, however, had 
the following two problems. One of them is that the sys- 
tem became susceptible to pulsed noise to increase 
malfunctions and control errors, and the other problem 

35 is that higher mounting accuracy became required be- 
cause of a necessity to decrease a light-receiving area 
of the photosensor in order to realize the high-speed ar- 
rangement. 

40 SUMMARY OF THE INVENTION 

The present invention has been accomplished tak- 
ing account of the above problems in the conventional 
technology, and a concern of the invention is to provide 
45 an optical information recording and/or reproducing ap- 
paratus arranged to detect quantities of light from two 
light sources by a common photosensor, which does not 
require a high-speed arrangement for the power monilor 
system, but which can realize satisfactory APC opera- 
te tion even in a low-speed arrangement for the power 
monitor system. 

In one aspect the present invention provides an op- 
tical information recording and/or reproducing appara- 
tus, which is arranged to radiate a leading light beam 
55 from a first light source and a trailing light beam from a 
second light source to follow up the leading beam onto 
an information track in a recording medium and to per- 
form recording of information with the leading beam and 
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verification with the trailing beam, comprising: 

a common photosensor for detecting parts of light 
quantities of the light beams from the first and sec- 
ond light sources: 

means for intermittently turning off the light beam 
not used for reproduction of preformat portion out 
of the leading beam and trailing beam, with respect 
to the preformat portions; and 
light output controlling means for controlling the 
leading beam from the first light source and the trail- 
ing beam from the second light source at respective 
predetermined light outputs, based on quantities of 
light received by the photosensor and reference val- 
ues preliminarily set, when one of the leading beam 
and trailing beam is off and when the both of the 
leading beam and trailing beam are on. 

In a second aspect the present invention provides 
an optical informalbn recording and/or reproducing 
method, which is arranged to radiate a leading light 
beam from a first light source and a trailing light beam 
from a second light source to follow up the leading beam 
onto an information track in a recording medium and to 
perform recording of information with the leading beam 
and verification with the trailing beam, comprising: 

a step of detecting, in common, parts of light quan- 
tities of the light beams from the first and second 
light sources; 

a step of intermittently turning off the light beam not 
used for reproduction of preformat portions out of 
the leading beam and trailing beam, with respect to 
the preformat portions; and 

a step of controlling the leading beam from the first 
light source and the trailing beam from the second 
light source at respective predetermined light out- 
puts, based on the light quantities detected and ref- 
erence values preliminarily set, when one of the 
leading beam and trailing beam is off and when the 
both of the leading beam and trailing beam are on. 

The invention will now be explained with regard to 
preferred exemplary embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a structural drawing to show the first 
embodiment of the optical information recording 
and/or reproducing apparatus according to the 
present invention; 

Figs. 2A - 21 are time charts to illustrate the opera- 
tion of the embodiment of Fig. 1; 
Fig. 3 is a flowchart to show an example of a method 
for preventing an excessive increase in power of the 
trailing beam when the leading beam becomes off 
from a predetermined power; 

Figs. 4A - 4E are enlarged drawings of the vicinity 



of preformat portion P1 in the time charts of Figs. 
2A-2I; 

Fig. 5 is a block diagram to show the second 
embodiment of the present invention; 

s Figs. 6A - 6D are time charts to illustrate the oper- 

ation of the embodiment of Fig. 5; 
Fig. 7 is a block diagram to show a hold circuit of 
servo error signal in the third embodiment of the 
present invention; 

10 Fig. 8 is a block diagram to show the fourth embod- 
iment of the present invention; 
Fig. 9 is a block diagram to show the fifth embodi- 
ment of the present invention; and 
Fig. 10 is a flowchart to illustrate the operation of 

is the embodiment of Fig. 9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 The embodiments of the present invention will be 
explained in detail by reference to the drawings. Fig. 1 
is a structural drawing to show the first embodiment of 
the optical information recording and/or reproducing ap- 
paratus of the present invention. In Fig. 1 , reference nu- 

2S moral 1 designates a magneto-optical disk as being an 
information recording medium, which rotates at prede- 
termined velocity by drive of a spindle motor not shown. 
The magneto-optical disk 1 is provided with a plurality 
of information tracks, and these information tracks are 

30 arranged in a sector structure in which the tracks are 
divided in a plurality of sectors. A preformat portion in 
which ID information is recorded is provided at the head 
of each sector. 

Numeral 2 denotes a magnetic head for generating 

35 a modulated, magnetic field, which receives a current 
modulated according to recording data from a drive cir- 
cuit, not shown, upon recording and then generates the 
magnetic field modulated according to the information 
signal. Numeral 3 stands for an optical system for mak- 

40 ing laser beams emitted from two laser diodes 18, 19 
focused on and following up an arbitrary track in the 
magneto-optical disk 1, guiding reflected light of the 
beams onto photosensors for signal processing, not 
shown, and further guiding parts of the laser beams 

45 emitted from the two laser diodes 18, 19 to a photosen- 
sor 4. The photosensor 4 is a common light sensor for 
detecting the parts of the light beams from the laser di- 
odes 18, 19. The optical system 3 is composed of a col- 
limator lens, a beam shaping element, a beam splitter, 

so an objective lens, etc.. not shown, which are common 
to the two laser beams. 

The present embodiment is provided with a servo 
system for performing sorvo control, though not shown 
in Fig. 1. The objective lens in the optical system 3 is 

ss mechanically driven based on servo error signals ob- 
tained from outputs from the photosensors for signal 
processing, whereby focusing control and tracking con- 
trol are performed so as to keep the laser beams from 



3 



1DOCID: <EP . 0713215A2 I > 




5 EPO 

the two laser diodes 18, 19 stably focused on and fol- 
lowing up the track regardless of eccentricity or dynamic 
axial runout of the magneto-optical disk 1 . 

Further the present embodiment employs the dou- 
ble laser diode method as a method for direct verifica- 
tion, and numerals 18, 19 denote the laser diodes pro- 
vided as light sources for recording, reproduction, servo, 
and verification. Hereinafter, the laser diode 18 will be 
called as a first laser diode and the laser diode 1 9 as a 
second laser diode. These first and second laser diodes 
18,19 are constructed physically on a same chip of sem- 
iconductor substrate so that a distance between radia- 
tive points thereof can be about 100 urn. Laser light 
emitted from the first laser diode 1 8 (hereinafter referred 
to as a leading beam) is used for recording of informa- 
tion, for reproduction of preformat portion, and for de- 
tection of servo error in the servo system. Laser light 
emitted from the second laser diode 19 (hereinafter re- 
ferred to as a trailing beam) is used for generation of 
reproduction signal for direct verification performed ap- 
proximately at the same time as recording. Normal re- 
production of information may use either the leading 
beam or the trailing beam. 

Here, the optical system 3 is constructed at high ac- 
curacy in such a manner that when the servo system 
operates so that the leading beam traces an arbitrary 
track well, the trailing beam also follows up the leading 
beam well at the same time. The distance between the 
two beam spots on the magneto-optical disk 1 can be 
set in a relatively wide range, depending upon focal 
lengths of respective lenses constructing the optical 
system 3, a shaping ratio of the beam shaping element, 
and the distance between the radiative points of laser 
diodes 18, 19, and in the present embodiment, the dis- 
tance between the two beam spots on the magneto-op- 
tical disk 1 is set to be about 1 5 |jm, which is fully shorter 
than the length of preformat portion. Numeral 5 repre- 
sents a preamplifier for amplifying an output from the 
photosensor 4 while effecting current-voltage conver- 
sion. A conversion resistance of the preamplifier 5 is ad- 
justed so that laser power on the disk and an output volt- 
age therefrom are in a predetermined proportional rela- 
tion. 

The photosensor 4 and preamplifier 5 compose a 
laser power monitor system, a response speed of which 
is determined so as to permit accurate detection of laser 
power within a time (some ten micro seconds) neces- 
sary for the laser beam's tracing a preformat portion. 
Namely, the response speed of the laser power monitor 
system is very low. Numerals 6, 7, 8 are comparators 
for comparing a laser power monitor signal output from 
the preamplifier 5 with respective, predetermined refer- 
ence voltages. A reference voltage V ref R of the compa- 
rator 6 is set to be equal to a laser power monitor signal 
corresponding to a power for reproducing the preformat 
portion (1 .5 mW). A reference voltage V re( W of the com- 
parator 7 is set to be equal to a laser power monitor sig- 
nal corresponding to a sum of recording power and pow- 
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er for direct verification (10 + 1 .5 mW), and a reference 
voltage V ref V of the comparator 8 is set to be equal to a 
laser power monitor signal corresponding to a sum of 
the power for reproducing the preformat portion and the 

s power lor direct verification (1.5 + 1.5 mW). 

Numerals 9, 10, 11 denote up-down counters (U/D 
counters), which count respective counter values up or 
down, based on signals from the comparators 6, 7, 8 
and enable signals S2, S3, S4 from a timing signal gen- 

10 erator 20. Numerals 12, 13, 14 are D/A converters for 
converting counter values of the respective U/D 
counters 9, 10, 11 into analog voltages, numeral 15 is a 
changeover switch for selecting either one of outputs of 
the D/A converters 12, 13 depending upon a power 

15 changeover signal S5, numeral 16 is a voltage-control- 
led current source for generating a current according to 
an output voltage from the D/A converter 12 or 1 3, and 
numeral 17 is a voltage-controlled current source for 
generating a current according to an output from the D/A 

20 converter 14. 

The voltage-controlled current source 16 is used as 
a drive source of the first laser diode 1 8, and the voltage- 
controlled current source 17 as a drive source of the sec- 
ond laser diode 19. Numeral 20 designates the timing 

2S signal generator for controlling operation timing of each 
part. The timing signal generator 20 generates the fol- 
lowing signals: enable signals S2, S3, S4, each bringing 
an associated U/D counter 9, 1 0, 1 1 into an enable state 
for a time enough to count one, based on signal S1 in- 

30 dicatingthat the leading beam is tracing a preformat por- 
tion; the power changeover signal S5 for changing con- 
nection of the changeover switch 1 5 depending upon an 
operation mode; and the signal S6 for controlling on and 
off of switch 21 . 

35 Signal S1 is generated by the signal processing 
system, based on an output from the photosensors for 
signal processing. Further, the signal S6 is a signal for 
controlling on/off of the trailing beam, which is synchro- 
nized with signal S2. The changeover switch 21 is a 

40 switch for switching an output current from the voltage- 
controlled current source 1 7 on or off, based on the con- 
trol signal S6, and the current is supplied to the second 
laser diode 19 when this switch 21 is on. Although the 
present embodiment includes various mechanisms and 

4$ circuits necessary for recording and reproduction of in- 
formation in addition tothe above arrangement, descrip- 
tion thereof is omitted herein because those are well 
known. 

The detailed operation of the present embodiment 
50 is next explained referring to Figs. 2A - 2t. RF1 in Fig. 
2A indicates timing of reproduction signal by the leading 
beam, and RF2 in Fig. 2B timing of reproduction signal 
by the trailing beam. Further, P1 to P7 in Figs. 2A and 
2B are preformat portions on the track of magneto-op- 
55 tical disk 1 , and M1 to M7 are magneto-optical (data) 
recording portions. Figs. 2A and 2B show a time differ- 
ence between RF1 and RF2 : corresponding to a sepa- 
ration between spots of the leading beam and the trailing 
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beam, and a value of the time difference is sufficiently 
smaller than a duration of a preformat portion. Fig. 2C 
shows the signal S1 transmitted from the signal 
processing system to the timing signal generator 20, 
which is synchronized with P1 to P7 of RF1 in Fig. 2A. 
Figs. 2D and 2F show the enable signals from the timing 
signal generator 20, and these enable signals S2. S4 
are alternately output with respect to the signal S1 . A 
rise of enable signal S1 , S2 starts after V mon in Fig. 21 
as explained below becomes stable, and a fall thereof 
starts at the same time as or before a fall of signal SI . 

In the present embodiment, let us assume that re- 
cording of information (overwrite and direct verification) 
is made in magneto-optical recording portions M4 t M5, 
and thus, the power changeover signal S5 of Fig. 2G is 
synchronized with timing of M4, M5. With the timing, the 
enable signal S3 of Fig. 2E becomes active once in each 
active duration of the power changeover signal S5. The 
switch control signal S6 of Fig. 2H is synchronized in 
rise and fall with the signal S1 and becomes inactive 
only in preformat portions where the enable signal S2 
becomes active. V mon of Fig. 21 shows the output volt- 
age (laser power monitor signal) from the preamplifier 5. 

Here, in the section of P1 in RF1 of Fig. 2A, the 
switch control signal S6 is inactive, so that the change- 
over switch 21 is off. Thus, the trailing beam is off and 
only the leading beam is on. Further, since the power 
changeover signal S5 is inactive as shown in Fig. 2G, 
the switch 15 selects the D/A converter 1 2. Accordingly, 
in this state, the output voltage V mon from the preampli- 
fier 5 is lowered to near V ref R as shown in Fig. 21, and 
it shows a slight delay from a restriction of response 
speed of the laser power monitor system. Before the sig- 
nal S2 becomes active, V mon is already stabilized. Thus, 
the U/D counter 9 counts one digit up or down in syn- 
chronization with the signal S2. 

In this case, because the output from the compara- 
tor 6 turns to the high level when V mon is smaller than 
V ref R, the U/D counter 9 counts up to increase the count 
value of the D/A converter 1 2. The value of D/A convert- 
er 12 is converted into a current according to the value 
in the voltage-controlled current source 16, and the cur- 
rent is supplied to the first laser diode 18. Since a quan- 
tity of light received by the photosensor 4 at this moment 
is smaller than a predetermined value, the U/D counter 
9 counts up, so as to effect such control as to increase 
the current applied to the first laser diode 18 and to in- 
crease (he power ol the leading beam. On the other 
hand, when V mon is greater than V ref R, the output from 
the comparator 6 turns to the low level. Thus, the U/D 
counter 9 counts down, so as to effect such control as 
to decrease the current to the first laser diode 18 and to 
lower the power of the leading beam. 

Next, in the section of P2 in RF1 of Fig. 2A, the 
switch control signal S6 is active, so that the changeover 
switch 21 is on. Thus, the both light beams of the leading 
and trailing beams are on. Accordingly, in this state, the 
output voltage V mon from the preamplifier 5 changes to 
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a voltage corresponding to a sum of the powers of the 
two beams, as shown in Fig. 21 , that is, to a voltage near 
V ref V. Here, the control of the leading beam goes into a 
rest state, because the signal S2 is not output as shown 

s in Fig. 2D, and thus, only the control of the trailing beam 
is carried out. As for the control of the trailing beam, con- 
trol of power is performed by increasing or decreasing 
the supply current depending upon a result of count up 
or count down of one digit by the U/D counter 1 1 in syn- 

w chronization with the signal S4. Namely, when V mon is 
smaller than V ret V, in accordance with the output signal 
from the comparator 8, the U/D counter 11 counts up to 
increase the value of D/A converter 14. As a result, the 
current amount of the voltage-controlled current source 

75 17 increases, thereby increasing the power of the trail- 
ing beam. On the other hand, when V mon is greater than 
V ref V, the U/D counter 11 counts down to effect such 
control as to decrease the power of the trailing beam. 
As described, APC is effected by alternately repeat - 

20 ing actuation of only the leading beam and actuation of 
the both leading beam and trailing beam in the preformat 
portions so that the power control of the leading beam 
is performed with actuation of the leading beam and so 
that the power control of the trailing beam is performed 

25 with actuation of the both beams, whereby the leading 
beam is controlled to the power corresponding to V ref R, 
i.e., the reproducing power, and the trailing beam is con- 
trolled to the power corresponding to V ref V - V ref R, i.e., 
the power for direct verification. The reason why the de- 

30 scription started explaining that V mon turns to near V ref R, 
V ref V in the sections of preformat portions P1. P2, re- 
spectively, is that the above result was presumed. 

The control operation upon recording is next ex- 
plained. In the sections of magneto-optical recording 

35 portions M4, M5 the power changeover signal S5 be- 
comes active in order to perform recording, and thus, 
the switch 15 selects the output of the D/A converter 13 
and to supply it to the voltage-controlled current source 
16. At this moment : the value of U/D counter 10 takes 

40 a value corresponding to a current applied according to 
the recording power of the leading beam to be changed. 
Next, in synchronization with signal S3 the U/D counter 
10 counts one digit up or down. Also in this case, when 
the output signal from the comparator 7 shows that V mon 

45 is smaller than V ref W, the counter counts up to effect 
such control as to increase the power of the leading 
beam. In contrast, when V mon is greater than V ref W, the 
counter counts down lo effect such control as to lower 
the power of the leading beam. Here, V mon becomes the 

50 voltage V ref W corresponding to a sum of the powers of 
the leading beam and the trailing beam, as shown in Fig. 
21, and the power of the trailing beam is already changed 
to the power for direct verification by APC in the prefor- 
mat portion. Therefore, the control works to change the 

55 leading beam into the power corresponding to V ref W - 
(V rer V - V ref R), i.e., into the recording power. According- 
ly, APC can be effected so as to maintain the leading 
beam at the predetermined recording power, for exam- 
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pie even in the cases where the recording operation is 
continued for a long period. The basic operation was ex- 
plained above, and further detailed description is con- 
tinued. 

First, since the present embodiment employs the $ 
sampling APC synchronized with sectors as explained 
above, the control frequency band is limited by sampling 
frequency. Further, in case of digital APC, considering 
that an amount ol conversion of laser power per digit of 
U/D counter should be set so as to be sufficiently smaller io 
than the reproducing power (for example, 1.5 mW), it 
must be accepted that the followup speed of APC be- 
comes considerably slow. However, results of research 
by the inventors of the present application gave such a 
conclusion that as far as the changes of the laser power J5 
were limited to those due to temperature changes, 5 ms 
was enough tor the period of sampling APC when 1 % 
of the reproducing power was taken for a change 
amount of laser power per digit of U/D counter. 

This is because the laser diode is actually used as 20 
coupled with a metal component with a large heat ca- 
pacity for the purposes of positioning and radiation of 
heat. Accordingly, for example, even if a 3.5-inch 1st 
ISO disk is rotated at relatively low speed of 1800 rpm, 
the sector period becomes about 1.3 ms, which is su1- 
ficient to carry out the present invention. Further, anoth- 
er factor of power changes other than the temperature 
changes is variations in reflectivity of disk, which can be 
effectively overcome by the high-frequency superim- 
posing technique. Such a high-frequency superimpos- 30 
ing technique is widely and popularly used in the mag- 
neto-optical disk drive apparatus in order to decrease 
laser noise in signal band, and also has an effect to sup- 
press even changes in the frequency region lower than 
the signal band and higher than the control band of APC 3S 
as described above. Accordingly, the present invention 
is desired to be used in combination with the high-fre- 
quency superimposing technique. 

Next, the present embodiment includes a possibility 
of causing the following problem when the procedures 40 
of alternately outputting the signals S2 and S4 are sim- 
ply repeated as shown in Figs. 2A - 21. Namely, because 
APC of the trailing beam is performed by the sum of the 
powers of the leading beam and trailing beam, if the 
leading beam should have a power away from the pre- 
determined power, APC of the trailing beam could be 
performed with an erroneous value as a target. For ex- 
ample, supposing Ihe power of Ihe leading beam is de- 
creased to the half for some reason and the decreased 
power is maintained for a while as not recovered by the so 
APC for the leading beam, the trailing beam is controlled 
by APC du ring this period to a value one and a half times 
greater than the predetermined value. Thus, in the worst 
case, data recorded could be broken by the trailing 
beam. A conceivable method to overcome this problem ss 
is a method for setting a response speed (control band) 
of APC of the trailing beam, i.e., APC performed by the 
sum of the powers of the both beams slower (or lower) 



than the response speed (control band) of APC of the 
leading beam, i.e., APC of only the leading beam, but, 
more directly, it is desired also to use an APC switching 
means as described next. Namely, it is a method for per- 
mitting APC of the trailing beam only when the power of 
the leading beam comes to exceed a predetermined val- 
ue by APC of the leading beam and always performing 
APC of the leading beam every time after APC of the 
trailing beam is finished once. 

Fig. 3 is a flowchart to show this algorithm, which is 
illustrated in correspondence with the operations of the 
timing signal generator 20, U/D counter 9, and U/D 
counter 11 . In Fig. 3, first, the timing signal generator 20 
waits before the signal S1 becomes H (active) (ST1). 
When the signal S1 turns to H, the signal S6 is changed 
to L (inactive) (ST2) to turn the trailing beam off. Next, 
the timing signal generator 20 waits for a delay time of 
the laser power monitor system (ST3). Namely, it waits 
before the laser power monitor output of the output volt- 
age from the preamplifier 5 becomes accurately equal 
to a voltage corresponding to the power (light quantity) 
of the leading beam. After waiting for a constant time, 
the timing signal generator 20 changes the signal S2 to 
H (ST4) to permit the operation of U/D counter 9, and 
thereafter the laser power monitor output V mon is com- 
pared with the predetermined reference voltage V ref R 
(ST5). 

Here, if the power monitor output V mon is smaller 
than the reference voltage V ref R, an increment is given 
to the U/D counter 9 (ST6); after completion of the op- 
eration of U/D counter 9 the signal S2 is changed to L 
(ST7) and the signal S6 to H (ST8) ; thereby turning the 
trailing beam on. Then returning to ST1, the same 
processing is repeated before V mon becomes greater 
than V ref R. Namely, APC is continued only for the lead- 
ing beam before the light output of the leading beam 
reaches the predetermined value. 

Meanwhile, if at ST5 the power monitor output V mon 
is greater than the reference voltage V ref R, a decrement 
is given to the U/D counter 9 (ST9), the signal S2 is 
changed to L (ST10), and the signal S6 is changed to H 
(ST1 1 ), thus turning the trailing beam on. Then the gen- 
erator 20 waits before the signal S1 turns to H (ST12). 
When the signal S1 turns to H, the signal S4 is changed 
to H (ST13) to permit the operation of the U/D counter 
11 . At this moment the power monitor output V mon is a 
voltage corresponding to a light quantity of the sum of 
the leading beam and trailing beam : and this power 
monitor output V mon is compared with the predeter- 
mined reference voltage V ref V (ST 14). 

On this occasion, if the laser power monitor output 
V mon is smaller than V ref V, an increment is given to the 
U/D counter 11 (ST15), the signal S4 is changed to L 
(ST16), and then the flow returns to ST1. On the other 
hand, il the laser power monitor output V mon is greater 
than V ref V, a decrement is given to the U/D counter 11 
(ST17). the signal S4 is changed to L (ST18), and then 
the flow returns to ST1, then repeating the same 
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processing. Namely, since the leading beam is already 
controlled by APC at the predetermined light quantity in 
this case, an error between the laser power monitor out- 
put V mon and the reference voltage V rof V can be said as 
an error of the light quantity of the trailing beam relative 
to the predetermined light quantity. Accordingly, the cur- 
rent to the laser diode for the trailing beam can be in- 
creased or decreased by giving an increment or a dec- 
rement to the U/D counter 11 depending upon a direc- 
tion of the error, so that APC of the trailing beam can be 
performed to the predetermined light quantity by repeat- 
ing this operation. As described, APC of the trailing 
beam is performed when the laser power monitor output 
V mon comes to exceed the predetermined value, and 
APC of the leading beam is performed after execution 
of APC of the trailing beam, whereby an excessive in- 
crease of the power of the trailing beam can be prevent- 
ed, which can prevent recorded data from being dam- 
aged. 

Another switching method ol APC is one for simply 
inhibiting an output of signal S4, for example, based on 
a comparison result of the comparator 6. The method 
as described above is one for preventing the trailing 
beam from having over power due to a malfunction of 
APC with a power drop of the leading beam, but a pos- 
sible arrangement may be such that a comparator is 
added to permit APC of the trailing beam only when the 
leading beam is within a predetermined range. 

APC of the recording power is next explained. Since 
the trailing beam is also on in performing APC of the 
leading beam to the recording power, the APC is based 
on the sum of the powers of the two beams. Accordingly, 
a malfunction possibly occurs of the APC due to a power 
error of the trailing beam as described above. This prob- 
lem can be overcome by applying the APC switching 
means as described above, but influence of the mal- 
function is limited because the recording power is con- 
siderably higher than the verifying power. For example, 
supposing the recording power is 10 mW and the veri- 
fying power varies in the range of 1 .5 mW ± 0.5 mW, the 
recording power can be kept in changes in the range of 
9.5 mW to 10.5 mW even with the malfunction of APC. 

Further, the magneto-optical recording portions (M1 
to M7) generally have lengths ten times longer than the 
pretormat portions (PI to P7). Therefore, as long as the 
response speed (transmission band) ot the laser power 
monitor system is set so as to permit sufficient sampling 
in the preformal portions, up or down operation of coun- 
ter can be performed twice or more within one sector in 
the magneto-optical recording portions even if consid- 
ering a difference of power change amount. Accordingly, 
the timing signal generator 20 may be constructed so 
as to make the signal S3 in Figs. 2A - 21 active twice or 
more at equal intervals in M4 T M5. However, considering 
the feature of the present invention, which is to permit 
use of a relatively low-speed laser power monitor sys- 
tem, it is impossible to obtain the predetermined record- 
ing power by APC from the beginning of recording for 



an arbitrary initial value of U/D counter 10 even with a 
maximum number of up or down times of counter within 
a sector. In a desired arrangement the apparatus is thus 
arranged to output the predetermined recording power 
5 by a trial lighting technique, i.e., by trial lighting prior to 
the recording operation, to obtain a counter value of U/D 
counter 10 corresponding thereto, and to set this value 
in the U/D counter 10 prior to the recording operation. 
Next explained is timing of each signal near P1 in 
10 Figs. 2 A - 21. Figs. 4A - 4E are drawings to show the 
region near P1 in Figs. 2A - 21 on an enlarged time axis. 
In Fig. 4A or 4B SM represents a sector mark indicating 
a position of the head of sector. SM and VFO-I D indicate 
preformat portions while DATA the magneto-optical re- 
cording portions, in which data is to be recorded. A gap 
portion (GAP) for absorbing a rotational change or the 
like of the magneto-optical disk 1 is provided between 
a preformat portion and a data portion. Between RF1 
and RF2 there is the time difference of At corresponding 
to the distance between the beam spols : as described 
previously. Here, a period to keep the trailing beam off, 
which is a period in which the switch control signal S6 
is inactive, is basically a duration corresponding to AND 
between preformat portions in RF1 and RF2. 

This is because of the following reasons. First, a rise 
of the switch control signal S6 is synchronized with the 
head of SM in RF2, which is based on the fact that the 
trailing beam cannot be turned off because there is a 
possibility that data is being reproduced (or verified) im- 
mediately before SM, including G AP2, based on the out- 
put of RF2. Further, a rise of the switch control signal 
S6 is synchronized with the tail of VFO-ID in RF1 , which 
is based on the fact that at latest the laser power monitor 
signal must be evaluated up to this point because there 
is a possibility that the leading beam is switched to the 
recording power immediately after reproduction of the 
preformat signal, and the fact that it is sufficient to turn 
the trailing beam off before this point. 

Here, an increase in At will decrease a permissible 
value of delay in response time of the laser power mon- 
itor system, which damages the feature of the present 
invention, which is to permit use of a relatively low- 
speed system. Thus, the distance between the spots of 
the leading beam and trailing beam must be precisely 
determined From the same reason, a period to keep 
the signal S2 active, more precisely a time for evaluating 
the laser power monitor signal V morv is most preferably 
a lime immediately before a rise of switch control signal 
S6, as shown in Figs. 4C and4E. Incidentally, observing 
the vicinity of P2 in Figs. 2A - 21 , the switch control signal 
S6 is kept active and there is no basic change in V mon . 
Accordingly, it can be considered that the timing for mak- 
ing the signal S4 active may be arbitrarily determined 
within the preformat period in RF1 , but because, accord- 
ing to the results of research by the inventors of the 
present application, V mon shows a slight change be- 
tween the initial stage and the final stage of the prefor- 
mat period because of a difference in average reflectiv- 
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ity between the preformat portions and the magneto-op- 
tical recording portions, preferred timing to make the sig- 
nal S4 active should be determined so as to always have 
at least a predetermined phase relative to the preformat 
period, preferably a same phase as the signal S2. 

As described above, the present embodiment is ar- 
ranged so that, noting such a point that the laser beam 
for direct verification can be turned off for a relatively 
long term during reproduction of preformat portion by 
the leading beam, the one laser diode is turned off for 
alternate preformat portions and the light outputs from 
the both laser diodes are controlled when the one laser 
diode is turned off and when the both laser diodes are 
turned on, whereby the light outputs from the two laser 
diodes can be effectively controlled to the desired val- 
ues even in the structure to detect the light outputs from 
the two laser diodes by one photosensor. Since the 
present embodiment is free of such a restriction that the 
laser power monitor signals must be obtained within a 
short lime in lest sections provided in the preformat por- 
tions or the gap portions provided before and after the 
data regions, the laser power monitor system does not 
have to be constructed in the high-speed arrangement, 
and thus, a low-speed laser power monitor system can 
be sufficient to operate. 

The second embodiment of the present invention is 
next explained. The embodiment of Fig. 1 is constructed 
so as to input the signal S1 synchronized with the pre- 
format portions into the timing signal generator 20, 
whereas the present embodiment is such an example 
that, for example during a duration in which the prefor- 
mat signal cannot be reproduced before start of the ser- 
vo operation to make the laser beam focused on the disk 
and tracing a track, or during a period where reproduc- 
tion of the preformat signal is not necessary, a pseudo 
signal SV similar to the signal of S1 upon reproduction 
of preformat signal is input as an input to the timing sig- 
nal generator 20 of Fig. 1 instead of the signal S1 . Fig. 
5 is a structural drawing to show a specific form of this 
example. 

In Fig. 5, reference numeral 24 designates a pseu- 
do signal generator for generating the pseudo signal 
S 1 ', and 23 a changeover switch for selecting either one 
of the pseudo signal SV and the signal S1 synchronized 
with the preformat portions depending upon an output 
from a determination circuit 22. The determination cir- 
cuit 22 monitors the signal S1 and switches the change- 
over swilch 23 so as to select Ihe pseudo signal SV 
when the signal S1 is not input over a fixed time. The 
pseudo signal SV is constantly activated at predeter- 
mined period, as shown in Fig. 6B. With absence of input 
of signal S1 over the fixed time, as shown in Fig. 6A : the 
determination circuit 22 turns a signal S sw for transmit- 
ting a determination result active, as shown in Fig. 6C, 
to switch the changeover switch 23 to the side of pseudo 
signal S V. This causes the pseudo signal S1 ' to be input 
instead of the signal S1 as an input signal S jn into the 
timing signal generator 20, as shown in Fig. 6D. and the 
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timing signal generator 20 generates each timing signal, 
based on the signal SV. This arrangement permits the 
same control of light outputs from the first and second 
laser diodes 18. 1 9 as in the previous embodiment, even 

s in the cases where the signal synchronized with the pre- 
format portions is not obtained, simply by switching the 
input signal to the timing signal generator 20 without 
changing the basic APC. 

The third embodiment of the present invention is 

to next explained. The embodiment of Fig. 1 was explained 
as an example in which the leading beam is used for 
recording of data, reproduction of preformat portions, 
and the servo operation while the trailing beam for data 
reproduction upon direct verification and in which either 

is one light beam of the leading and trailing beams is used 
for normal reproduction of data, whereas the present 
embodiment is an example in which, instead of the lead- 
ing beam, the trailing beam is used for reproduction of 
preformat portions. In this case, the leading beam, 

20 which is not used for reproduction of preformal portions, 
is naturally turned off in the preformat portions. Accord- 
ingly, the changeover switch 21 for turning the trailing 
beam in the embodiment of Fig. 1 on or off is connected 
as a rear stage of the voltage-controlled current source 

2B 1 6 and the reference voltages of the comparators 6 and 
8 are also changed to V ref V for the comparator 6 and 
V ref R for comparator 8. Further, the signals S2 and S4 
are naturally replaced with each other. 

Here, in the case of the above arrangement being 

30 employed, it is necessary to take it into consideration 
that the servo operation is affected when the leading 
beam is turned off in the preformat portions, because 
the leading beam is used also for focusing servo and 
tracking servo. With regard to this point, durations of the 

35 preformat portions (20 to 50 ps) are considerably short 
as compared with the control band of the servo opera- 
tion, the influence can be minimized by restricting the 
control band as long as care is taken to avoid occur- 
rence of nonlinear behavior such as saturation of the 

40 servo error detection system when the leading beam is 
turned off. More positively, by employing the arrange- 
ment as shown in Fig. 7, a desired example is arranged 
to hold the servo system at least during the off period of 
the leading beam. The arrangement of Fig. 7 is next ex- 

45 plained. 

In Fig. 7, signal S7 is a signal to become inactive at 
least during an inactive period of the signal S6, and the 
liming signal generator 20 is arranged lo output this sig- 
nal S7 to a changeover switch 25. Accordingly, servo 

so error signals (focusing error signal and tracking error 
signal) are held by the changeover switch 25 when the 
signal S7 is inactive, and thus, the servo error signals 
can be held at least during the off period of the leading 
beam. It is a matter of course that there are a variety of 

ss techniques for holding the servo system in addition to 
the above. Recent progress in the digital servo technol- 
ogy permits highly intelligent control to be achieved, so 
that in cases where the beam used for the servo oper- 
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ation is turned off for a short time, the influence thereof 
can be almost nullified by informing the servo control 
system of the timing. It is also theoretically possible to 
use the trailing beam for the servo operation, but it is 
not preferred because the leading beam used for re- 
cording cannot be directly posit ion -con trolled thereby. 
Namely, because higher-accuracy position control is re- 
quired for the recording beam than for the reproducing 
beam from the reason of compatibility etc., the servo 
control by the trailing beam is not preferred, but the ser- 
vo control with the leading beam is desired. 

The fourth embodiment of the present invention is 
next explained. The embodiment of Fig. 1 is arranged 
so that for turning the trailing beam off, the switch 21 is 
turned off to bring the supply current to the second laser 
diode 1 9 into 0, but the current may be continuously ap- 
plied to such an extent that the second laser diode 19 
is kept so as not to emit a laser beam. Fig. 8 shows a 
specific example of a current supply circuit for this ar- 
rangement, in which the switch 21 is arranged to select 
either one of the voltage-controlled current source 17 
and a bias current source 26. The switch is arranged to 
select the voltage-controlled current source 17 when the 
signal S6 is active, and to select the bias current source 
26 when the signal S6 is inactive. This arrangement per- 
mits a bias current to be supplied to the second laser 
diode 1 9 during an off period of the trailing beam. 

This bias current, in case of the high-frequency su- 
perimposing technique being also used, is smaller than 
a value obtained by subtracting a high-frequency effec- 
tive current from a threshold current of the laser diode 
19. This arrangement changes nothing in the basic op- 
eration of the present invention, but can achieve the fol- 
lowing effects. First, a temperature change of the sec- 
ond laser diode 19 can be kept small when the trailing 
beam is turned on or off, thereby improving the stability 
of APC. Second, an impedance change of the laser di- 
ode can be kept small similarly when the second laser 
diode 19 is turned on or off, thereby improving the sta- 
bility of the high-frequency superimposing operation in 
the case of the high-frequency superimposing tech- 
nique being also used. 

Results of research by the inventors of the present 
application confirmed that in such an arrangement that 
coupling between a high-frequency oscillating circuit 
and the second laser diode 1 9 was made tight by using 
a resonance type matching circuit to apply a sufficient 
high-frequency current, when the bias current was set 
at about 5 mA during the off period of the second laser 
diode 19, the stability was enhanced particularly during 
the on or off operation of the high-frequency oscillating 
circuit and good results were achieved. This is consid- 
ered to be nothing but a result that the impedance 
change of the laser diode, including junction capaci- 
tance and nonlinear behavior, was suppressed to a low 
level by keeping even a small amount of bias current 
flowing. 

The fifth embodiment of the present invention is 
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next explained. First, considering absolute accuracy of 
the powers of the leading beam and trailing beam, a con- 
trol without necessitating the absolute accuracy can be 
realized for the recording power, because an optimum 
5 power can be found out by test writing. In contrast with 
it, because the reproducing power is determined de- 
pending upon several factors including S/N of reproduc- 
tion signal and reproduction durability of disk, adaptive 
control is difficult, and thus, a generally employed tech- 
io nique is one to accurately control the power into a cer- 
tain predetermined value. Accordingly, it is necessary to 
adjust the reference voltages V ref R, V ref V of the compa- 
rators as explained in Fig. 1 with high accuracy. Further, 
considering that the reproducing power and direct-veri- 
*5 tying power are equally set, then V ref V = 2V fef R, and 
thus, the control may be finished only by adjustment for 
one of them. However, in this case, it is necessary that 
linearity of the laser power monitor system consisting of 
the photosensor 4 and preamplifier 5 be assured. 
20 Namely, in order to secure the absolute accuracy of 
light outputs of the two light beams, the two accurate 
reference voltages of V ref R and V ref V as explained 
above are needed and the characteristic of the laser 
power monitor system needs to be linear, whereby, with 
25 v ref v = 2V ref R ' sotting only the reference voltage V ref R 
can be enough. However, in cases where the linearity 
of the laser power monitor system is not assured (in- 
cluding cases with occurrence of offsets), the two refer- 
ence voltages need to be adjusted independently. How- 
30 ever, also employing a calibration function as described 
below, only one reference voltage of V ref R will be 
enough for the control. 

A basic idea is as follows. First, APC is carried out 
with a reference of V ref R while only the leading beam is 
35 on. A laser current of the laser diode for the leading 
beam at that time is stored. Next, APC is carried out with 
a reference of V ref R while only the trailing beam is on. 
A laser current of the laser diode for the trailing beam at 
that time is similarly stored. After that, when the leading 
40 beam and trailing beam are simultaneously turned on 
by the laser currents stored, the leading beam and trail- 
ing beam both become on with a desired light output 
corresponding to V ref R. Thus, the laser power monitor 
voltage obtained by the preamplifier 5 becomes a volt- 
es age corresponding to a light output of a sum of the lead- 
ing beam and the trailing beam. Namely, the voltage at 
this moment is just the reference voltage V ref V desired 
to obtain. Storing this voltage, il can be thus used as a 
reference voltage of the two laser diodes. Of course, be- 
so cause the relation between laser current and light quan- 
tity changes momentarily because of influence of the 
ambient temperature etc., it is necessary to quickly per- 
form the calibration operation to obtain V re ,V from the 
reference voltage V ref R as described above. 
55 Now, an embodiment with such a calibration func- 

tion is next explained in detail. Fig. 9 is a block diagram 
to show the construction of the present embodiment, 
and Fig. 10 a flowchart to show the operation thereof. 
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First, in Fig. 9, reference numeral 28 denotes a CPU for 
performing the calibration operation and control of light 
outputs from the two laser diodes 18, 19. Since the con- 
trol becomes complicated with addition of the calibration 
function, preferred control is one by digital signal 5 
processing using CPU. The CPU 28 has the functions 
of the comparators 6 to 8 for comparing the laser power 
monitor voltage with the respective reference voltages, 
the functions of the U/D counters 9 to 11 for performing 
up or down counting, and the function of the timing sig- 10 
nal generator 20. Further, the photosensor 4 and pream- 
plifier 5 are the same as those in Fig. 1 , and the laser 
power monitor voltage of the preamplifier 5 is taken into 
CPU 28 through an A/D converter 27. The D/A convert- 
ers 12 to 14, changeover switches 15, 21, and voltage- is 
controlled current sources 1 6, 1 7 are the same as those 
in Fig. 1. Further, although not shown, the laser diodes 
18, 19 and optical system 3 are also the same in struc- 
ture as those in Fig. 1 . 

The calibration operation of the above embodiment 20 
is next explained referring to Fig. 10. The calibration op- 
eration is carried out, for example upon start of appara- 
tus or upon insertion of disk, before entering the servo 
operation. In Fig. 10, with start of calibration, the CPU 
28 first clears registers DA12 to 14, registers R1, R2, 2S 
and timer (ST1 ). The registers DA1 2 to 1 4 are those pro- 
vided in CPU 28, and register values in DA12 to 14 are 
output to the D/A converters 12 to 14. DA12 is associ- 
ated with the D/A converter 12, DA13 with the D/A con- 
verter 1 3, and DA1 4 with the D/A converter 1 4. The reg- 30 
isters R1, R2 are also registers for retaining data, pro- 
vided similarly in CPU 28, and the timer is also provided 
in CPU 28. 

Clearing each part, CPU 28 sets the value of regis- 
ter R1 into DA1 2 (ST2), and outputs the value to the D/A 35 
converter 12. On this occasion the value of register R1 
is 0. In this state the CPU 28 compares the laser power 
monitor voltage V mon taken through the A/D converter 
27 with the reference voltage V ref R (ST3). tf V mon is 
smaller than V ref R, the value of register R1 is increased 40 
by one digit (ST4); if larger, the value of register R1 is 
decreased by one digit (ST5). Then the CPU 28 clears 
DA1 2 (ST6) and stores the last value of laser current in 
the register R1 . Next, the CPU 28 sets the value of reg- 
ister R2 in DAI 4 (ST7). On this occasion the value of 
register R2 isO. In this state the CPU compares the laser 
power monitor voltage V mon with the reference voltage 
V ref R (ST8). If V mon is smaller than V ref R, the value of 
register R2 is increased by one digit (ST9); if lager then 
the value of register R2 is decreased by one digit 50 
(ST10). After that, the CPU clears DA12 (ST11). The 
last laser current is stored in the register R2. 

The CPU 28 determines whether the timer is up or 
not (ST12). If the timer is not up, the CPU returns to ST2. 
In this case, because of the second cycle, the value 1 55 
of R1 is set in DA12 (ST2), and the first laser diode 18 
is turned on. Next, the same processing is carried out 
at ST 3 to ST5 : and then DA 12 is cleared at ST5 to turn 
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the first laser diode 18 off. Further, the value 1 of register 
R2 is set in DA 1 4 at ST7 to turn the second laser diode 
19 on, and the same processing is carried out at ST8 to 
1 0. Then D A1 4 is cleared at STII to turn the second laser 
diode off. In this manner the CPU 28 repeats the 
processing of ST2 to STII before the first and second 
laser diodes 18, 19 become stabilized. 

Here, the time in the timer is set to a time in which 
the two laser diodes 18, 19 can come to a stable on 
state. Repeating the processing of ST1 to ST1 2, the first 
and second laser diodes 18, 19 each will be finally con- 
trolled to the light output corresponding to the reference 
voltage of V ref R. Accordingly, after the timer is up in CPU 
28 to stabilize the two laser diodes 18,19, the latest val- 
ue of register R1 is set in DA12 (ST13) and the latest 
value of register R2 is set in DA14 (ST14), thereby turn- 
ing the first and second laser diodes 18, 1 9 on. On this 
occasion, the two laser diodes 18, 19 emit the light out- 
puts corresponding to the reference voltage V ref R, and 
then the CPU 28 captures the laser power monitor volt- 
age V mon at this moment through the A/D converter 27 
and stores it in an internal memory (ST15). A voltage 
value obtained is stored as a digital value in a register 
other than R1 , R2, and the value is read out of the reg- 
ister to be used as a reference voltage V ref V upon sub- 
sequent APC operation. The above completes the cali- 
bration operation, and then processing proceeds to the 
APC operation as explained with Fig. 1. 

For carrying out the APC operation by the arrange- 
ment of Fig. 9, the CPU 28 is used to execute the 
processing of the flowchart as explained with Fig. 3. 
Namely, program control of CPU 28 executes the com- 
parison operation of the comparators 6 to 8, the up- 
down count operation of the U/D counters 9 to 11 , etc., 
whereby the exactly same control can be performed as 
the APC operation of the first and second laser diodes 
18, 1 9 as explained referring to Fig. 1 and Figs. 2A - 21. 

As described above, the use of the calibration op- 
eration can obviate a need to perform adjustment of V re . 
f V and a need to assure linearity of the laser power mon- 
itor system. Accordingly, only one necessary is the ab- 
solute accuracy of the reference voltage V ref R for the 
reproducing power. Thus, with only accurate adjustment 
thereof, the reference voltage V ref V will be able to be 
automatically obtained for the reproducing power and 
the direct verifying power. 

The embodiment of Fig. 1 is arranged so that the 
current applied to the first laser diode 18 upon the re- 
cording operation can be obtained by switching the 
switch 1 5 to the output side of the D/A converter 1 3, but 
another arrangement may be constructed in such a 
manner that a voltage-controlled current source is pro- 
vided after the D/A converter 13 and a current output 
therefrom is added through a current switch to the output 
of the voltage-controlled current source 16. In this case, 
the signal S5 is arranged to control the current switch, 
and upon recording the current switch is turned on to 
control the supply current for recording to the first laser 
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diode 18 at the recording power. The other control sig- 
nals are the same as before. Further, the APC operation 
as explained referring to Fig. 1 and Figs. 2A - 21 is carried 
out for every sector but the operation may be thinned 
out within the scope to satisfy necessary APC speed, s 
For example, the operation may be arranged to perform 
one control for two sectors. Of course, in that case, each 
signal of S2 to S6 is arranged to be synchronized with 
SI. 

Although the above description all concerned the io 
examples of digital APC, the present invention can be 
carried out even in analog APC. In this case, though de- 
tailed explanation is omitted, for example, the compara- 
tor 6 in the embodiment of Fig. 1 is replaced by a differ- 
ential amplifier, the U/D counter 9 by a hold circuit, and 15 
the D/A converter by a filter amplifier, thereby construct- 
ing a system ot analog and digital mixed. In this arrange- 
ment, the hold circuit takes an output from the differen- 
tial amplifier in during a period in which the signal S2 is 
active, and the filter amplifier is set so that a loop gain 20 
may become less than 1 at a frequency being a half of 
a sampling frequency corresponding to the period of sig- 
nal S2. Further, the embodiments showed the examples 
of magneto-optical disk apparatus, but the present in- 
vention is not limited to the examples, and can be ap- 25 
plied to any apparatus for performing direct verification 
using two light sources. 

As explained above, the present invention involves 
the control of light outputs from the two light sources in 
the two states where one of the leading beam and trail- 30 
ing beam is on and where the both beams are on, which 
is free of the restriction of power detection within a short 
time that the timing for obtaining a power monitor signal 
is limited to within a test section provided in a preformat 
portion or within a gap portion between data regions. 35 
Therefore, the present invention has an advantage that 
the light outputs of the both beams can be controlled 
without a need to employ a high-speed arrangement of 
the power monitor system and by using a common pho- 
tosensor. 40 



Claims 

1 . An optical information recording and/or reproducing 
apparatus, which is arranged to radiate a leading 
light beam from a first light source and a trailing light 
beam (rom a second light source to follow up the 
leading beam onto an information track in a record- 
ing medium and to perform recording of information so 
with said leading beam and verification with the trail- 
ing beam, comprising; 

a common photosensor for detecting parts of 
light quantities of the light beams from said first 55 
and second light sources; 
means for intermittently turning off the light 
beam not used for reproduction of preformat 
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portion out of said leading beam and trailing 
beam, with respect to said preformat portions; 
and 

light output controlling means for controlling the 
leading beam from said first light source and 
the trailing beam from the second light source 
at respective predetermined light outputs, 
based on quantities of light received by said 
photosensor and reference values preliminarily 
set, when one of said leading beam and trailing 
beam is off and when the both of said leading 
beam and trailing beam are on. 

2. The apparatus according to Claim 1 , wherein when 
the light beam not used for reproduction of the pre- 
format portions out of said leading beam and trailing 
beam is off, said light output controlling means con- 
trols the light beam being on and used for reproduc- 
tion of said preformat portions at a light output for 
reproduction ot the preformat porlions, based on 
the quantity of light received by said photosensor 
and the first reference value preliminarily set. 

3. The apparatus according to Claim 1 , wherein when 
the both of said loading beam and trailing beam arc 
on, said light output controlling means controls said 
trailing beam at a light output for verification, based 
on the quantity of light received by said photosensor 
and the second reference value preliminarily set. 

4. The apparatus according to Claim 1 , wherein when 
the both of said leading beam and trailing beam are 
on, said light output controlling means controls said 
leading beam at a light output for recording, based 
on the quantity of light received by said photosensor 
and the third reference value preliminarily set. 

5. The apparatus according to Claim 1 , wherein a dis- 
tance between the leading beam and the trailing 
beam on said recording medium is set to be shorter 
than a length of a preformat portion located at the 
head of each sector in said recording medium 

6. The apparatus according to Claim 1, wherein said 
first and second light sources are comprised of first 
and second laser diodes formed on a same semi- 
conductor substrate. 

7. The apparatus according to Claim 1, wherein in a 
case where the preformat portions are reproduced 
by the trailing beam out of said leading beam and 
trailing beam, a servo error signal supplied to a 
servo control portion is held at one obtained before 
said leading beam is turned off, during a period 
where the leading beam is off in said preformat por- 
tions. 

8. The apparatus according to Claim 1, wherein in a 
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state where said first and second light sources do 
not emit light, a predetermined bias current is sup- 
plied to each of said light sources. 

The apparatus according to Claim 1, wherein a 
quantity of light is monitored of the light beam for 
reproducing said preformat portions and wherein 
only when said quantity of light of said light beam is 
not less than a predetermined value, control of the 
other light beam is permitted. 



beam intensities from the light sources, and means 
for controlling the beam intensities in response to 
the output of the photosensor, wherein the intensity 
of the verification beam is controlled in response to 
the intensitites of both the recording and verification 
beams. 



w 



10. The apparatus according to Claim 1, further com- 
prising: 

calibration means for separately turning said *s 
leading beam and trailing beam on, prior to a 
light output control operation at a reference 
value corresponding to a light output for repro- 
duction of the preformat portions, simultane- 
ously supplying drive signals corresponding lo 20 
quantities of received light separately obtained 
by said photosensor at that time, to said first 
and second light sources, and letting memory 
means store a reference value corresponding 
to a sum of the light output for reproduction of 2s 
the preformat portions and a light output for ver- 
ification from signals of light received by said 
photosensor, obtained at that time. 



11. An optical information recording and/or reproducing 
method, which is arranged to radiate a leading light 
beam from a first light source and a trailing light 
beam from a second light source to follow up said 
leading beam onto an information track in a record- 
ing medium and to perform recording of information 
with said leading beam and verification with the trail- 
ing beam, comprising: 

a step of detecting, in common, parts of light 
quantities of the light beams from said first and 
second light sources: 

a step of intermittently turning off the light beam 
not used for reproduction of preformat portions 
out of said leading beam and trailing beam, with 
respect to said preformat portions; and 
a step of controlling the leading beam from said 
first light source and the trailing beam from said 
second light source at respective predeter- 
mined light outputs, based on said light quanti- 
ties detected and reference values preliminarily 
set, when one of said leading beam and trailing 
beam is off and when the both of said leading 
beam and trailing beam arc on. 
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12. Optical recording and verification apparatus in 
which a recording beam light source and a verifica- 
tion beam light source radiate an information track 
and including a common photosensor for detecting 
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ond light sources, a device for intermittently turning off 
the light beam not used for reproduction of preformat 
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respect to the preformat portions, and a light output con- 
troller for controlling the leading beam from the first light 
source and the trailing beam from the second light 
source at respective predetermined light outputs, based 
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